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Corrosion of" high strength steel in gaseous environment is largely divided in
IrcLa, high temperature oxidation and stress corrosion cracking at lower t ,, ;i -

tru,. Ili 1 h temperature oxidation of the 4330 steel was conducted in CO-CO, ml res
ii: to 1300.%. The reaction inciudes decarburization, internal and external'oxidat ion
,it' IT1CII OT tihe comIIosition of the gas mixture and temperature. Cracks were t)Ibserv, l
t icr the stgir of' internal oxidation. Stress corrosion test revenled that the 4330

1 ucertihlt to stress corrosion cracking in CO-CO in the presence of noisture. Th,
,IL transgranular and appears to involve hydiogen embrittlement at the 'ryck
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, An experimental test facility has been developed to simnila'L to i cor ,In
4 dere in a laboratory the loading and thermal environme-t experi'inced ho gun huic

in iiitomatic weapons. The test facility is capab>; of pressurizing holow thick-wall
ylinqers cyclically at a rate of 550-600 cycles per minute and at pressures of 35
,/m'. The ris( time of the pressure pulse is less than 1 millisecond ( -traii raitc
i .bout 3/second) and test temperatures are 260*C, S38°C and 815°C. Tempcr,iture i',

hot
I
,, constant during the test.

An automatic air driven hammer is used as the energy soul:e to provide Ih

cyclic loads and a solid loading medium is used to transmit pressure,. in the speivei.
lhis report discusses the background of the program, the developmenc of the ,ppai:ptuln
and the results to date.

The facility was initially designed and built to test potential gun hrtul
materials and configurations. Currently being tested are specimens eabricoited froil

C627, Uldimet 700, and conventional Cr-Mo-V steel.
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f RtCVA series of tests were conducted to determine the most feasible confil'nt Viw

for an artillery primer that would be suitable for both hand and automatic I hg

their interrelation, various firing mechanism characteristics were considered, with
a more compatible cannon initiator (firing unit) -propellant ignition train intertm'
being achieved.
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Thc stress intensity factor for a thick-%' lled ,vlindrical section with a
,t rad ial crack has been obtained by a nod i ted hotndary co' FOcit ion met Fod.

11I, relt a ohbtainel by this method are in good agreement with previously obtained
,crimental results. 'The application of this method to other component configuratitins

i at, in accuiratt' K-ialibration.
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The dimensions of a composite gun tube consisting of a cylindrical liner and
a cylindrical jacket of dissimilar materials necessary to endure given internal
pressures are determined theoretically.

The dimensions are optimized with respect to effective cost which is defined
in terms of both material cost and cost per pound of weight to the external system
(penalty factor) within constraints imposed on the stress levels reached in liner and
jacket through a yielding criterion.

Results are presented for a steel liner - glass epoxy jacket composite tube
for a variety of costs per pound to the external system. Comparisons are made with
respect to minimum weight design and conventional tube designs.
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A derivation of a couple-stress theory for a laminated mediuo is lev'eloiI
in l,aiI. simple thickness modes are used to show the relationship of the th ,or'
, ,:orresp1nding effective modulus theory. Simple wave propagation prohlvmo .rv
.d to show when the new theory is dispersive in nature.
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Reprinted from Chemical Instrumentation, U. S. Army Weapons Command
4(2), pp. 115-120 (1972)

A simple technique to determine the mass and density of extremely small-sized
specimens.
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The stress field in a hollow tube with annular fins integrally macrhined on
its outer surface was determined by the finite-element technique (NASTRAN) and an
approximate one-dimensional model. Some previously unreported experimental photo-
elastic results are also presented and good agreement is shown between all three
methods. Two FORTRAN program listings are included.
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Reprinted from Engineering Fracture

Mechanics, 1972, Vol. 4, pp. 865-876 U.S. Army Weapons Command

The steady-state vibration of an infinite plate 
with collinear crack i

considered for low frequency cyclic loading. The formulation of the mixed boundary

value problem leads to a dual trigonometric series. Tle Schwinger's method gives
an automatic perturbation scheme. The dynamic stress intensity factcr is found to
be higher than the corresponding static one. The inertial effect on the stress
intensity factor becomes significant only when the frequency of the external load is
close to that of the shear wave.

.B ".".1473 em,,;:~ von S-av,' .....
"S73 i4 '23 Unclassified

eI~lV | Itt, IUI



Unclassified

SecuityC~a.,tc~ton DOCUMENT CONTROL DATA.- R & 0

Waterv i et A rs na Uy o 00 0 .d td o.S ano .t . ,* o . .e r ~ n c ass o,.. i u;p d t t.0 5

Waterv]liet, N.Y. 12189

0" T1111 'ABLITY 01 7 . InfrP REAM iJlFTtl:ln ro NON(:ONF,11RVAT IV) .\NPnIi VI 1014:1

Matrch 1973 'is5

ANCM O0 No0n OOUN N *. RIONAOAOASec N.lOI

b -tnI -) R--'-2- 14-7.)
DAProj C t No. 11)611 2A3Sd ____________

b 0-. O aPIPON1 NO(l be AM.Nned~

rlon ';n E-1 -50040417-N17 AD-762 124

fspofd orpubic release-; distribution uniitd

-IU. S. Army Weaod)ns Comman

'iho node of Insof' stability of a hangenl-iingei beam subij encd to at COi,,
tr; .1, t rarisvcrsne follower force applied at the center of tihe beamn is4 oinsi dvronl
into tin thne nature of the none ontservat i e app lied 1loatd, the fl exu ralI and tors ionalI
lei rms ttions of the len are coupled. The effects of warpi rig1idity' and innturmil
aii! ,xt erntalI damp inn h ave boon inc ludIend in tine di fferent ial1 equnat ions; of' nant inm 1,110n
st ii ty proble in soved in an approxmate nnanner by ian- of an adnjoit v.;r in;ni,)l 111 ri gilit tv panramieters on tine vaic of the flnutter kmd. I'iesn, inmnnlt a re-lsea liii in the abnnece oif n-xternal damp~ing, tine aontin of tine finittevr lonad) lnn-o,'n
nirhnn '-Jri lv 'n~al aS the I nItrMnal dannping narnameter asnociat ed with, flvxnnr,'- I -ids ton

D 5D .=J..473 0t.* o:,t.Jw0. 24 l-Anyol... fan)i



Unclassified

DOCUMENT CONTROL DATA - R & D
$mley lolil-. W1 of ri ~fle, oye ablmf(nd IIdPI - -alm -1e 6e -Nfed eho, Me 1-1rep- Is~t 0, 0 01fielodf

I O -INA TINa 0IVITY (Corpo..eu UM ) ITCw

Watervliet Arsenal [ n 
i 

-3

Watervliet, N.Y. 12189

K CALIRRATION FOR "C" SIHAPEI) FRACTURE TOUGHNESS SPEC 11 NS 01 VARIOUS GEOMETRIES

S 005CRIPTIVE Nore (TYPO u-peel M0d in¢elon. daOe-)

J. 11. Underwood
R. D. Scanlon
1). P. Kendall

SAOST .bc. 7e. TOTAL NO OFP *695 .b 0. oa.,r

April 1973
4. C.-TACIV0.G-*T NO .. 0OIAOC000.1 flO*

AMCS No. 5396.OM.,350
A. PO jOCro 'O R-WV-T--l5-73

Pron No. M7-2-114304
'"O'" , O*9. OVHCRRROR 0500? 01 (An, other -h"re flOE SO be -it1.d

MOI. re"oF)

AD-761 102

Alproved for public release; distribution unlimited.

it IIU MtTAR¥ NOT, 

11000 I ~ING MI101111 ACTIVITY

U.S. Army Weapons Command

Prior collocation results are combined with new collocation data and analyzed
using two parameter data approximation methods and fracture mechanics methods. A
general K calibration is obtained for "C" shaped specimens which have outer to inner
radius ratios, W = r2/rl, between 1.4 and '.5.

The K calibration for "C" sha," pecimens is found to depend on thc load
eccentricity to specimen thickness ratio, x/t, as well as the usual crack depth to
specimen thickness ratio, a/t. ['he K results are presented as tabular and plotted
values from a cubic spline surface used to approximate the collocation data and as a
polynomial approximation of the collocatio data over a mote limited range of X/t.
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A detailed metallographic investigation of the phenomennloqical developmeril
Scentral burst defects during hydrostatic extrusion was conducted. The character-

istic extrusion pressure versus billet-displacement curve of extrusions containinq
,;,nter hurst defects was periodic; each periodic segment consisted of a constant
pr'eisure part durinq which the extrusion velocity was slow followed by a decreasinq
,',sure, part during which the extrusion velocity was rapid. It was established that
,urnq the part of the cycle exhibiting slow billet movement, near the billet center-
,inr beyond the end of the die deformation zone, small microcracks formed, linked-up
it :.nsile fracture and formed a rather large cone shaped defect exhibiting little
.rack openinq displacement. During the portion of the periodic cycle exhibiting rapid
billet movement, the cone shaped defect developed into a typical central burst defect

ly eir fracture at the crack tips. It was established that the volume of material
i,,medi itriy 1,ehiri the rather large cone shaped defect, present in the deforming hil lot
,. ihe end of the slow velocity part of the periodic cycle, behaves as a rigid body

Ihereby forcing the material in the die deformation zone near the die surface to squlrt
1,y this rigid body as it moves through the die orificL. Thc. entire central burst
defect after the rapid forward billet movement lies beyond the end of the die defrr-.
mation zone and thus, with further extrusion, the entire cycle can repeat. The
squirting action of material past the rigid body was responsible for both tie shear
fracture near the crack tips and the large crack opening displacement of the cetitral
burst defect.
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This report describes tihe stress analysis of a muz;'.l brake hv' the finlit{.element method, NASTRAN. The model is described with its constraints and pressure

loads, and results given for two different conditions. Results of one ana sis arc
compared with a measured stress to identify the magnitude of pressure loadirp. il
resuLlts include maximum principal and maxinaum shear stresses with directi,r, )I'
principal stresses.
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with initial stresses, adjoint variational principles have been formulated ill thin,
report by introducing a set of adjoint differentlIl eqiatiops. The natural and im-
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Tile extensional vibrations of simply supported rectangular plates are consid-

cred from the viewpoint of the recently derived "effective stiffness" velocity Cor-
rected Sun plate theory by passing solutions harmonic in both plate width and length
i.irongh the differential equations of motion and boundary conditions such that the
-unlary conditions for simple supports are automatically satisfied. The results are
n)parcd to extensional frequencies for a reduced "effective modulus" velocity

corrected Sun plate theory. It is concluded that for extensional vibrations a higher
order approximation in going to the plate theory is necessary to bring out the effects
of microstructure which are present in the continuum theory.
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A computational scheme is derived for describing stable geode i,, ciirves oil
surfaces of revolution, where "stable" refers to the particular geodesics along whi. m
a flexible filament may be wrapped without lifting from the surface or slipping.
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A series of "C" shaped fracture toughness specimens from 4330 steel forl',ed
clinders have been tested using the general tes, procedure recommended by ASTNI-1,3q9.

A wide range of specimen sizes were tested and no significant size effect on the
fracture toughness, as measured by this specimen, was found.

Crack growth during fracture toughness tests was measured using an ultra-
sonic technique. Based on these results and on a compliance analysis, the u.- of a 5
percent secant offset fracture criterion is recommended for this specimen.

Standardized specimen dimensions for utilization of the "C" shaped specimen
for testing a variety of Lhick-walled cylinders are recommended.
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Ten composite strips with a hole (D/W-3/4) were loaded to failure under 1:
tension. Failure stresses and strains were compared with the Composite Ultitlife streng, hs.

The results showed that while the hole reduced the composite strength, the eftect oil
strain however depends on the properties of composite components. The strain was
reduced in boron-aluminum, but increased in boron-epoxy and in fiberglas-opoxy.
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Factors of stress concentration were determined, experimentally and analyti-
cally, for boron-aluminum, boron-epoxy and fiberglas-epoxy composite materil strip:;
containing a hole under tension or bending. In total, ten combinations of constittrnr
modulus ratio, lamina orientation and fiber volume fraction, and three value: " of hI,,e
diameter to strip width ratio were investigated. Experimental values were obtained 1,
mean , of electric resistance foil strain gages, and analytical results from the NA'I A ,
finite element analysis. It appears that stress concentration could be minimize) '
employing angle ply instead of uniax: .1 or cross-ply, by reducing constituent odu '
ratio, and by adjusting fiber volume fraction. Further work is necessary in order r"
optimize these parameters.
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A Nickel-Titanium memory material was studied for the purpose of char;azter-
Its stress-strain behavior, energy absorption capacity, and cyclic response.

Instrumentation problems encountered in the testing of this unique material re dis-
cusred from the standpoint of thermal recovery effects on strain readings from strain
g iges and LVDT-type extensometerS. Nickel foil type temperature sensors were used to
measure surface temperatures from heat generated in the course of plastically straining
t!.e material. In additioi, the sensors also monitored the heat applied to the ,pecjmen
to effect thermal recovery from the plastic strain. Temperature-tine curves using istrip chart recorder exhibited possible phase chanRes occurring in the mnaterill during
thermal recovery after the half cycle of straining.

'II

DD F"ft41473 ...........D......1...1,J"........
... , -. , Unclassified

---------- ..o..



Unclassified
Se-urit CI.si I .st-On

DOCUMENT CONTROL DATA . R & )
(SecuritycI.. 111aN.. lMt, .It, body of blrIt alnd Inds.Inj nnO-. musI be 1-ost d .he the 1oYerl t o Po Is 0 111ldi

ON, A"N. A NC TVIT (Co.oM.- Iuio). ARPORT SECURTy CUAS CAT.ON

Watervliet Arsenal tnclaqsi i ed
Watervliet, N.Y. 12189

I RPORT TITLE

ORGANIC MATRIX TOUGHENING ADDITIVES FOR COMPOSITE MATERIALS

OESCRIPTIVE NOIR ESl(Type ottpol dinIluiv- daa)
Technical Renori;

n(Fir. ho, d R 1*..- 

.

Martin S. Ferguson

7. OTA NO. OP PAGI jb NO O. ..s

'nvemhe, 117" __ ,5
M CON TACT OR GRANT .0 Sd. ORIGIN

A
TOR

'
% RCPORT NUMISEII

AMCMS No. 612105.1.297
R-WV-T-6-43-73

Pron No. Al-3-ROO10-02-AW-M7 9
thl. mpet)

d. AP-774 373/5GI
[C DISTRIUTIOA STOyKOIRT

Approved for public release; distribution unlimited.

SU.S. Army Armament Command

Toughening of organic matrix material has been shown feasible using precipi-

tated rubber particles as the discontinuous phase in epoxy resins. Physical tvts
'ensisted of recording the work required (as a measure of toughness) to separate a

castilevered cleavage specimen of epoxy matrix with and without these particles. Data
is alzo presented from ASTM tensile tests to assess the extent of sacrifice in elastic
modalus and ultimate tensile strength caused by the additions.

Results are presented for three related epoxy resin systems and three
hardeners while holding rubber additions at 0 or 10 ppli resin. Several resins ustd ii
tilament winding or casting of composites show beneficial increases si toughness.
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II SUPP-EAeNTANy NOTES 12. IPONSOPIN MILTARY ACTIVITY
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A relative optimization of Ilauger's problem with a circular cro-s. t-tiQ,n iI
accomplished by the application of an adjoint variational principle i i I<oI tIC n , Ith
a generalized Ritz procedure. Considerable weight reductions are ';howl, t 1, ilil c
within the bounds of imposed constraints for a two Ir~in Ri tz approximatill, t'f iI.i,'ir"
problem. The circular cross-section optimization i; shoto to yield a r,'It i , lo ,,,r
mass than a corresponding procedure for a rectangular cros:-section,
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With little actual effort and no recourse to newv derivations, a flexuril
theory for laminated composite beams is obtained directly from a reduction of oxi',ting

flexure equations for composite plates. Results previously developed for I sTrip.,
are shown to be directly applicable to beam problems if slight changes are mn.de iTn the
elastic constants.
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The kinematics of rotating deformable solids are developed, and a ret:
.w is postulated. The general equations of motion for a deformable solid i,: iitin,
)tit a fixed axis are obtained from this conservation law, which then ;ervc :is th

theoretical basis for the derivation of suitable beam theories for rotating beats )nd

-1,afts subjected to conservative and non-conservative loads. The effects of internal
Lnd external damping as well as gyroscopic inertial forces are included in the
uformulat ion.

I

D D ,' .o1473 ":1. 10 , U s Unclassified _'"laO" 1tt7lt "i fi5l tton



if SECURITY CLASSIFICATION OF TIS WAGE (ft-, Defer Mi___________________

REPORTV DOCUMETATIONA PAGE! RRAD MNTRUCTIONS
''~ ' ~ ~ fl* * '* ~BEFORE COM PLETING FORM

1. RPOR MU&KA3 GVT ACCESSION NO. J. IRECIPIENT'S CATALOG NUMBER

4. TTLE wolubdolo)S. TYPE OF REPORT A PERIOD COVERED

APPLICATION
6. PERFOMING ORG. REPORT NUMBER

1, ATIIOI,)S. CONTRACT.OR GRANT NUMBER(.)

V.H.XonwriANCMS No. 4932.o6.6824

APEIRFORMINGORGANIZATION NAME A NDORS .. A.1 PROGRAM ELEMENT' PROJECT, TAI,
BneA Repn LaoaoyAEA A &WORK UNIT NUMBERS

Watervliet AwenmaiD Watervliet, N.Y. 12189
* SA3W-RD

11 ONTROLIAING OFFICE NAME AND ADDRESS 12. REPORT OATE

IS. NUMBER OFPAE

14. ONITOING AGENCY NAMES& AODRESS(Ildiff*Ernl Irom, Controlling 0111-o) IS, SECURITY CLASS. (41 Itll lol,"I)

Is,. DE.C ASSIFICATION'ORNGRADIW6"G'

IDIST R1BUTION STATEMENT (of this Report) SC ED L

ITUJIAL DISTRIBUIONI0 ONLY

IT. DISTRIBUTION STATEMENT 1*l 1ho 11-111~ l1r1d In B8oo1r 10, 11 dII1 .... I Ir-n Rnp.,rI

18l. SUPPLEMENTARY NOTES --.i
11.K YWORDS (Co,,itin,lo0 - O O e l oll -I , t -1888Y Rd id-nllY by' bto-U ,oooh-r -

Automatic Drafting Machine
Cam path
Drafting

20. ABSTRACT (ContillnM.o. Ar0 d, ItI.'eIT Wrd Id-lII By AboA .- berO)

This is a report on a practical and simple application of an auoatic
drafting machine. Can paths n2ormally drate by band are now coxputri.edand
drama in loea than twso hours. A FORTRAN program has bean written to cover
all types of cam paths drawings.

O I JAN73.IMI 1473 EDITION OF I NOV MS It OBSOLETE 5 ic~SFZ
SECURITY CLASSIFICATION OF THIS PAGE (fte; ,7 0 EnIRERI



inclassi fit Pi

Secintv CIsmntic lion3

DOCUMENT CONTROL DATA. R & D
lS t. ... 1011.ta-..o Iit.. no, o. .I- -l.-d ild**Ind .. o~ in IN. e --. ,d hen in . ..... It ,,I' t-- jl~

Watevlit, .Y.12 189

INCIILARlITIES ASSOCIATEDI WITH A CRACK INCI-IN~I '10 A Il Mr ~.IIC!A

S. L. Plu
R. 1). Scanlon
NL,, A-Ig',nN

AMCNIS No. 501A.ll.84400.02
h. Pnoyc r NO - WV -'I -6(I- 15-
1)\ Project No. lTo6llOla9lA ~runhr~l~.t
muo No. Al-2-5-0OO1-(Cl4)-M7-M7 A-7 0/G

11DISTrRIU TION S YAIVENy

Anproved for public release, distribution unlimited.

Reprinted from Dlevelopments in Mechanics,
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Midwestern Mechanics Conference: 26.

In this paper we have investigated the na tire of'. tross - ingularil- : 1
ated with a crack inclined to a bimateria I interface, tnhir c-htera; loadilI To: )Ttl
1he stress singula ities were obtainvd from the eAI tenvaltev d a h1aract er ~i.
equation. Careful study of these results indicated a phy'si. I) paradox. We could

nio anglo of inclination of' the crack tip to the interfat for ,hi eb the :1 ngnkI it'
id the sane order as that of a crack tip lying in ti t of IIIe- ind ividual

The problem was then reformulated incorp~orating h., 1Icevr ff- I
COupIle ' 11 1 W r. The most dramatic result founid wals tl 'It tIr ai-o re (Ili I%

llj of inclination of a crack to the interfac ior which C hm'I,
I ield (if a crack in a homnoponeous viateriz1 c~ould he pr-served. l1- swye,

il.t there a-re only two possible paths of propa'gat ion of aI rae as it approicw a-
interface.
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A series of laboratory isothermal heat treatments was employed t , develop~
asnd char cteri ze the low-temperature transformation products ol, mficrostruc tilr's ini
large cylindrical forgings for pressure vessels. Tensile properties, hardn, a;.ndi
impact energy transition curves were determined for the various microstrootire:, pro-
duced. Of the three microstructures investigated, temrerced martensite proc. lid the,
opt imum combination of strength and toughness. The tempered bainite strll .ttlle dcn c
oletd during isothermal transformation, produced both low yield and impact 4, 101etiji
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The non-linear equations of motion of a slender beam rotating at c,,nstailt
angula velocity about a transverse axis are formulated. The state of stre2,; it ti
bar is assumed to consist of two parts: (i) the initial state of stress assuciijtd
with the undisturbed "equilibrium" configuration of the rotating bar and (it) Ih tatd
of stress associated with the disturbed motion about the configuration of undi ;t rbd
equlibrium.' The equations for the equilibrium state and the disturbed ilautiou ire

separated and linearized, neglecting non-linear terms as well as gradict', of initia]
displacements. As examples of the theory developed, the equations of uot jin for li,
longitiudinal and flexural deformnations of a rotating, bar carrying, a til ,t Z ,', 1,.,

rived. The longitudinal displacement and stress are shown to become uhotIded it
certain rotational velocities.
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U.S. Army Armament CommandI 5 AETRACTIn the Bayesian approach to determining inferencing information, the likeli-

hood function is often used as the conditional distribution of smple outcome given
the population parameters. For the more difficult problems involving quantities which
are functions of more than one population parameter, use of 'the likelihood function
can lead to very tedious computations. Computational efficiency can be improved in
many instances if the distribution of estimators is used rather than the likelihood
function. The use of the estimator distribution in determining hayesian intervals is
discussed with application being made to the Weibull mean. Exactness from a classical
frequency viewpoint of the Bayesian intervals assuming uniform priors was also studied.
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The work presented is an extension of the Waterv!iet Arsenal Report 'hot-
elastic Stress Analysis of Conventional and Serrated Slide Block Breech Designs",
WVT-6830 by T. F. MacLaughlin. The current work is an analysis of two more possible
designs for slide block breeches. The "Open Jaw" design is a possible lightweight
configuration and the "90* U" would be useful in some cases where space is limitd.
The variation of fillet stress along the fil. t is reported for all the block (ivitv
fillets along with stresses at other points of interest. The lateral defl-,ctioi of'
the sides of The breech ring Is also reported.
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A thermistor varies the frequency of a tiny oscillator mounted on a gun tube.
rhe temperature signal is received 6 inches away. This avoids the breakage of thermo-
couple wires because of recoil.

A thermistor causes a circuit to oscillate when a gun tube reaches 35 0 "F.
One wire, fastened to the gun mount instead of the tube, allows a small receiver to
warn personnel when the critical temperature is reached.
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